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Previous research has suggested that whereas some techniques show that subjects with a specific 
reading disability (SRD) have greater visible persistence than controls, a temporal integration of form 
technique does not. It has been suggested that the failure of the temporal integration task to show 
a difference results from the spatial separation between stimuli used in the technique. In this study 
SRD and control subjects were compared on a new version of a temporal integration task, under two 
conditions varying the spatial separation of elements in the display. It was predicted that there would 
be no difference between groups when spatial separation was large, but that the SRD subjects would 
show greater visible persistence at small separations. Neither prediction was confirmed, denying 
previous explanations of why the temporal integration task does not discriminate between groups. 
Analysis of errors showed that the result was not due to inattention nor to a general deficit on the 
part of the SRD subjects. 
Temporal integration Visible persistence Specific reading disability Dyslexia 
Reading is a complex skill demanding the integration of 
perceptual and cognitive activities, and yet despite its 
complexity, most children learn to read without signifi- 
cant difficulty (Snowling, 1987). Nevertheless, there are 
some children who fail to acquire well developed literacy 
skills, despite being of adequate intelligence, having no 
obvious perceptual disorders, and having had adequate 
educational opportunities. This unexplained failure to 
read at normal levels is known as dyslexia or specific 
reading disability (SRD). 
Despite nearly a century of study, beginning with 
Morgan (1896), almost everything about SRD remains 
controversial, including its very existence (Prior, 1989), 
its aetiology (Fletcher & Satz, 1979; Vellutino, 1977, 
1979) and its treatment. 
Clearly, a rational choice of treatment depends on 
the existence and aetiology of SRD. If it is not a 
pathological condition, but merely a label applied to one 
end of a normal distribution of reading ability, as argued 
by Prior (1989), then what is needed is simply better 
techniques in the teaching of reading. On the other hand, 
if SRD does exist as a pathological condition with 
distinct and identifiable causes, its remediation may well 
be advanced by an understanding of its aetiology. 
One approach to the aetiology of SRD which has 
provided some interesting results is typified by the 
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work of Lovegrove et al. (see e.g. Lovegrove, Martin 
& Slaghuis, 1986) who postulate that SRD is linked 
causally to a visual processing deficit. Although such a 
deficit as an explanation of reading difficulty has been 
called into question by other researchers (e.g. Hulme, 
1988) there is sufficient evidence of a difference in 
performance between ormal readers and SRD children 
to merit further consideration of the explanation. 
Briefly, Lovegrove t  al. argue that SRD is due to a 
deficit in the transient channels of the visual system. 
These channels, which are stimulated by saccadic eye 
movements, act to inhibit activity in sustained channels, 
which are used for detailed pattern analysis during 
fixations (Breitmeyer, 1980, 1983; Breitmeyer & Ganz, 
1976). It is argued that weak or sluggish transient system 
activity in SRD children allows sustained activity to 
outlast each fixation, so that it spills over into the next 
fixation and causes perceptual confusion. According to 
Lovegrove t  al. (1986) some 75% of SRD subjects how 
this transient system deficit. 
The evidence that Lovegrove et al. cite in support 
of their claims comes mainly from studies of the 
phenomenon of visible persistence. This phenomenon is 
manifest when a brief visual stimulus appears to last for 
some time beyond its physical offset. It is argued that 
visible persistence in the visual systems of SRD children 
lasts longer than desirable for good reading because the 
weak transient system fails to inhibit sustained channel 
activity. There is evidence for this both from direct 
2067 
2068 JOHN H. HOGBEN et al. 
measurements of visible persistence, as outlined below, 
and from indirect sources, such as studies of visual 
masking (e.g. Slaghuis & Pinkus, 1993). 
Visible persistence, which is distinct from iconic 
memory and afterimages (Di Lollo, Clark & Hogben, 
1988), has been measured by a variety of techniques, as 
reviewed by Coltheart (1980). Two of these techniques, 
known as temporal integration of form and phenomenal 
continuity, and a variant of the latter, gap detection, 
have been used to compare the duration of visible 
persistence in SRD and control subjects, with results that 
are promising and yet a little puzzling. 
The phenomenal continuity technique has been 
employed in a series of investigations of SRD (e.g. 
Lovegrove, 1991; Lovegrove et al., 1986). In the task 
used by Lovegrove et al., subjects are presented with 
a repetitive visual stimulus, flashed several times with 
an interval between successive flashes. The subject is 
required to say whether a clear blank interval is seen 
between flashes, with the instructions being phrased so 
that subjects are aware that they have to identify clear 
blanks between the flashes rather than slight flickers. 
The duration of this interval is taken as an index of 
the duration of visible persistence. As found by Meyer 
and Maguire (1977), the measured duration of this 
persistence depends on the spatial frequency of the 
stimulus, with higher frequency stimuli appearing to 
persist longer. SRD children, however, are found to 
exhibit a shallower slope of the function relating visible 
persistence to the spatial frequency of the stimulus. 
At low spatial frequencies SRD subjects how a greater 
duration of visible persistence than normal readers, with 
a reversal of this pattern at higher spatial frequencies 
being found in most studies (Lovegrove et al., 1986). 
Studies making use of the variant of the phenomenal 
continuity task, referred to here as the gap detection 
task, have also consistently found differences between 
SRD children and controls. Two different procedures, 
the criterion-dependent and forced-choice procedures, 
have been used for the presentation of this task. In the 
criterion-dependent version of the task the subject is 
presented on each trial with one of two visual displays, 
either one in which a stimulus is presented twice, with a 
blank inter-stimulus-interval (ISI) or one in which the 
stimulus is presented continuously without a blank ISI. 
On any trial the observer is asked to say whether the 
display contained a gap or not. For the forced-choice 
procedure the two displays, the one containing the blank 
and the one without, are presented one after the other 
on each trial, and the subject is required to say whether 
the first or the second display contained a gap. In this 
procedure the total duration of the two displays is 
equalized by varying the duration of the uninterrupted 
stimulus, and their brightness equalized by varying its 
luminance. The critical ISI at which subjects can just 
detect the presence of the gap, or can just discriminate 
between the two displays, is taken as an estimate of the 
visible persistence of the first stimulus. 
As may be expected, because the task requires ubjects 
to respond to any semblance of a gap, rather than a 
clear blank interval, gap detection studies produce sub- 
stantially briefer estimates of visible persistence than the 
phenomenal continuity technique, typically 100msec 
or less, compared with estimates of up to 900 msec. 
Nevertheless, O'Neill and Stanley (1976) and Lovegrove, 
Billing and Slaghuis (1978), using the criterion depen- 
dent version of the task both found that on average a
significantly longer ISI was required by the SRD subjects 
than the controls. Furthermore, Di Lollo, Hansen and 
McIntyre (1983) and, in our own laboratory, Smith 
(1992), have also found significant differences between 
the means for the SRD and control groups when a 
two-alternative forced-choice task and a PEST pro- 
cedure (Taylor & Creelman, 1967) were used to estimate 
persistence. The between-group difference found with 
the gap detection task is clearly a robust one. 
The third technique used to compare the duration of 
visible persistence in SRD and control groups is the 
temporal integration of form technique (Coltheart, 
1980). In this technique, a pattern is divided at random 
into two or more components that are presented to a 
subject in sequence. The random division is designed to 
ensure that the complete pattern cannot be identified 
from any subset of the components. In the simplest case, 
two frames are constructed by random partitioning of 
the complete pattern, and presented to a subject separ- 
ated by an ISI. Correct identification of the complete 
pattern by the subject is taken as evidence of the 
simultaneous perceptual availability of the two frames, 
and hence as evidence that the visible persistence of the 
first frame is sufficient o bridge the ISI. The duration of 
ISI at which a criterion level of performance is attained 
is taken as an index of the duration of visible persistence. 
In one example of this technique, the pattern to be 
identified is a 5 x 5 square matrix of dots, with one dot 
missing (Hogben & Di Lollo, 1974). Most commonly, 
two frames are formed by randomly choosing one of the 
dots to be missing, and dividing the remaining 24 dots 
at random into two sets of 12. These two randomly 
selected frames are presented successively to a subject, 
separated by an ISI. The ISI at which the subject can 
correctly identify the location of the missing dot in the 
composite matrix on a specified percentage of trials, 
typically 50%, is taken as an estimate of the visible 
persistence of the first frame. The estimates of visible 
persistence obtained by this method fall between 
those obtained by the gap detection and phenomenal 
continuity methods. 
However, in contrast o the results from the continuity 
and gap detection tasks, which have produced reliable 
differences between groups of SRD subjects and con- 
trols, studies making use of the temporal integration task 
have failed to find such differences. The results from two 
studies by Arnett and Di Lollo (1979) and Di Lollo et al. 
(1983), using a variant of the temporal integration task, 
both failed to differentiate between the two groups. 
In both these studies, the task of the subject was as 
follows. The test stimulus was made up of two 5 x 5 
matrices, centred 1.2 deg to the left and the right of 
fixation, and with a separation of 0.3 deg between dots 
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within the matrix. Dots from the two matrices were 
plotted pairwise at regular intervals of time, the total 
time taken to plot a complete matrix constituting the 
"plotting interval" (Hogben & Di Lollo, 1974). On each 
trial one dot was omitted at random from either the 
right or the left matrix, and the subject was required to 
nominate which matrix was incomplete. Duration of 
visible persistence was estimated by the duration of 
the plotting interval required to produce 75% correct 
responses, using a PEST procedure. 
The failure of these studies to find differences 
between SRD and control groups in the duration of 
visible persistence is surprising in view of the fact that 
phenomenal continuity and gap detection techniques 
both show longer visible persistence in SRD subjects, 
and especially since the very same subjects in Di Lollo 
et al . 's  (1983) study showed a difference on the gap 
detection task. I f  all three of these tasks measure visible 
persistence, why do two of them show a difference while 
the third does not? 
One possible explanation is suggested by Di Lollo 
et  al. (1983), who noted that performance differences 
are found in the gap-detection task, when the same 
retinal locations are stimulated by the first and second 
stimuli, but not in the temporal integration task, 
when widely separated retinal locations are stimulated 
by dots in successive frames. Di Lollo et  al. reasoned that 
if the inhibitory effect of the transient system on the 
sustained system operates over a narrow spatial range, 
or at least is much weaker over a wider range, then the 
generally weaker transient-on-sustained inhibition in 
SRD subjects may produce a differential effect on 
persistence in comparison with controls only when the 
two stimuli are in sufficient spatial proximity for the 
inhibitory interaction to occur. This interpretation is
supported in part by the work of Di Lollo and Hogben 
(1987), who found that persistence decreases progress- 
ively in a two-frame matrix integration task as the 
minimum separation between dots in the first and second 
frame is reduced from 18 min arc to the minimum prac- 
tical separation (depending on the observer) of about 
6-9 min arc. 
The main aim of the present study therefore was to 
investigate further this explanation by attempting to 
confirm the implied differential effect of dot separation 
on visible persistence stimated in SRD and normal 
readers. Specifically we investigated the hypothesis that 
at smaller dot separations persistence should be longer 
for SRD subjects, owing to the weaker effect of the 
inhibitory spatial interaction, whereas at larger separ- 
ations we would expect to find no difference between 
these groups in the measures of persistence obtained, in 
line with Di Lollo et al. (1983). 
In examining this hypothesis, we used the more 
standard two-frame, single-matrix version of the tem- 
poral integration task in order to avoid at least two 
methodological problems that may have contributed to 
the results of Arnett and Di Lollo (1979) and Di Lollo 
et al. (1983) and to address a major concern in this area 
of research, namely the possible effects on performance 
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of differences in motivation between SRD subjects and 
normal readers. 
The first of the methodological concerns arises 
from their conversion of the multiple-alternative matrix 
integration task to a two-alternative procedure. The 
two-alternative adaptation was obviously made in 
order to make responding easier for the young subjects. 
Laboratory experience is that even adult subjects require 
several sessions of practice to master the coordinate 
system and the response apparatus commonly employed 
to indicate the location of the missing dot in a 5 × 5 
matrix, for example by pressing buttons to indicate that 
the missing dot was in row 3, column 2. Adapting the 
task to require subjects to say only on which side a 
dot was missing would obviate the need for extensive 
practice. However, the two-alternative adaptation also 
requires ubjects to attend simultaneously to two targets, 
one to each side of fixation, posing difficulties in 
maintaining appropriate fixation while attending 
peripherally. This requirement invites variation in 
response strategies, since the subject needs to see only 
one of the two matrices clearly in order to make the 
correct response. I f  some observers within each group 
adopt the easier strategy of spatially biasing attention 
or fixation towards one matrix, while others attempt 
the divided attention task, the within-group variance 
will doubtless be inflated, tending to obscure any 
between-group difference in visible persistence. 
The second methodological issue concerns the 
temporal patterning of the stimulus. Arnett and Di Lollo 
(1979) and Di Lollo et  al. (1983) employed an integration 
task in which the matrix was presented in 24 successive 
single-dot frames. There are major differences between 
this presentation mode and the two-frame mode 
employed in the present study, both in subject perform- 
ance and in the phenomenology of the task (Hogben & 
Di Lollo, 1974). Although the basis of these differences 
is not well understood, it appears to involve some 
additional factor associated with the comparatively ong 
ISI employed in the two-frame presentation, or possibly 
with the ensuing abrupt onset of the second frame. 
In either case, the lack of this additional factor in the 
24-frame presentation may have led to the null result in 
the two previous studies. 
The possible existence of motivational differences 
between SRD and control subjects is a concern that 
pervades much of the research into reading disability. 
When differences occur between groups on particular 
tasks, it is typically because the performance of SRD 
subjects is worse than that of their controls. Although it 
is assumed that the difference will be a result of an ability 
specifically related to the task in question, it is often very 
difficult to be confident that it does not arise from 
more general motivational differences. If, for example, 
children with SRD have become used to failing or 
performing poorly on a wide range of activities related 
to reading then they may well be much less motivated to 
try, believing that they will not do well in any case. 
The two-frame version of the temporal integration 
task also possesses the significant advantage that the 
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locational errors made by a subject can be examined to 
determine whether the task has been attempted satisfac- 
torily. It is empirically found, when the presentation of 
dots is confined to two frames containing equal numbers 
of dots, that for subjects performing the task appropri- 
ately and without gross visual problems over 80% of 
errors occur for dots presented in the first frame 
(Di Lollo, 1980), rather than the 50% that would be 
expected were the subject giving the task minimal 
attention and responding at random. 
In summary therefore, the main purpose of the present 
study was to determine differences in temporal inte- 
gration between SRD subjects and normal readers, using 
a new adaptation of the matrix integration task, with a 
simplified response system. Two sizes of matrix were 
used in order to investigate the effect of separation 
between dots. It was thought hat, if the transient deficit 
interpretation of Di Lollo et al. (1983) were correct, 
differences between SRD subjects and controls would be 
magnified as separation between dots was decreased. In 
addition, selection of a two-frame temporal integration 
task provided a check on the possible influence of 
motivational factors through examination of the errors 
made by subjects. 
METHOD 
Subjects 
Twenty-four males, aged between 8 yr 9 months and 
9 yr 9 months, were recruited from schools in the Perth 
metropolitan area (SRD mean 9.3 yr, SD 0.28; normal 
readers mean 9.1 yr, SD 0.28). All were at least in the 
average range for intelligence as assessed by the WlSC-R 
(SRD mean 107, SD 7.4; normal readers mean 109, SD 
4.4), had at least average performance in school subjects 
other than reading, had normal or corrected-to-normal 
visual acuity, had no history of major auditory, visual 
or speech problems nor behavioural or psychiatric 
problems, and were not taking medication that could 
affect vision or judgement. All were of middle to upper 
socio-economic status, with English as their first 
language. The 12 SRD children had a reading level at 
least 18 months in arrears of their chronological age on 
the accuracy scale of the Neale Analysis of Reading 
Abilities (Revised) (Neale, 1988). Their mean reading 
age was 7.1 yr (SD 0.5) The 12 normal readers had 
average or above average reading skills with a mean 
reading age of 10.8 yr (SD 0.9). 
Apparatus 
Stimuli were displayed on a Hewlett Packard 1332A 
oscilloscope with P15 phosphor, which decays to 1% of 
luminance within 10/tsec. This was controlled by a 
plotting buffer (Finley, 1985) with a 2 MHz plotting 
rate, interfaced to a PC/AT compatible computer. The 
viewing distance was set at 34 cm, with each side of the 
8 x 8cm plotting area on the oscilloscope subtending 
13.4deg visual angle. The stimulus background was 
a homogeneous grey field of 3 cd/m 2 produced by a 
ganzfeld apparatus and seen reflected by a half-silvered 
mirror interposed at a 45 deg angle between the subject 
and the screen. Throughout he experiment the lumi- 
nance of matrix displays was kept constant. Calibration 
was achieved through a technique similar to that 
described by Di Lollo (1979). A test patch of 30 x 30 
points in a 5.7mm square was plotted at the same 
intensity and at the same refresh rate (1 kHz) as the dots 
employed in the experimental stimuli. The luminance 
of this patch was 147 cd/m 2 as measured by a Spectra 
Spotmeter with a 1 deg luminance probe. The subject 
responded using a joystick and received feedback 
through visual display and synthesised sounds generated 
by a Street Electronics Corporation Vocalink Model 
VSM. 
Task 
The temporal integration task was adapted for use 
with young subjects by reducing the number of dots in 
the matrix, by providing an easier method of responding, 
and by embedding the task in a video game in which 
children actively cumulated a score. 
The matrix was reduced to a 4 x 4 display. On each 
trial the subject fixated the middle of an area defined by 
four dim points in a square formation, outside the 
boundaries of the location in which the matrix would 
appear. He initiated a stimulus presentation by pressing 
a trigger on the joystick. Fifteen dots out of the possible 
16 were presented, 8 in the first frame and 7 in the 
second, each frame being presented for 20 msec with an 
intervening ISI. The subject then pressed the trigger 
again, and a complete matrix (the "response matrix") 
appeared on the screen (a minimum of 300 msec after the 
stimulus), together with a cross-hair cursor controlled by 
the joystick. The subject moved the cursor to the dot he 
thought was missing in the presentation and "shot" it by 
pressing the trigger on the joystick. If the response was 
correct, the subject saw an animation of the matrix 
exploding and heard an exploding sound through head- 
phones. If the response was incorrect, he heard a 
"fizzling" sound and the matrix disappeared by moving 
rapidly into the distance. Visual and auditory feedback 
were modelled on commercial video games, to enhance 
the game-like properties of the task. 
ISI was controlled by a PEST procedure, which 
initially converged on and then maintained 50% correct 
performance. This is not only an efficient way to estimate 
the required ISI (Taylor & Creelman, 1967), but has the 
desirable property, in this case, of maintaining the same 
success rate for all children, irrespective of their level 
of ability. Each measurement was based on 100 trials, 
and the ISI required for 50% correct performance was 
estimated from the mean ISI after the fourth reversal in 
the PEST procedure. 
Trials were conducted with two sizes of matrix. 
The centre-to-centre horizontal and vertical separation 
between dots in the large matrix was 1 deg visual angle, 
and in the small matrix was 12min visual angle. The 
separation of dots in the large matrix was chosen to be 
comfortably greater than separations at which inhibitory 
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interactions have been found to occur. The smaller 
separation was chosen on the basis of pilot work, since, 
although there are published data showing the effect of 
spatial separation on inhibitory interactions in this task 
for adult observers (Di Lollo & Hogben, 1987), there 
are no data for children. Therefore, in pilot work we 
ensured that the separation was small enough to ensure 
inhibitory interactions, as evidenced through very brief 
estimates of duration of visible persistence, while main- 
taining a clear enough separation between points that 
9-yr-old children were not confused. The dot separation 
in the response matrix was fixed at 35 min arc. 
Within an experimental session, which lasted about 
90min including a 10min rest period, subjects were 
instructed on how to perform the task, were given 100 
practice trials, which also served to adapt them to the 
background field, and performed two series of 100 test 
trials, one at each of the two dot separations (Run 1). 
After the rest period, the subject performed 5 min of 
practice trials, and then performed two series of test 
trials as before (Run 2). Order of presentation of dot 
separation was counterbalanced across subjects. 
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FIGURE I. Distribution of errors across Frame 1 and Frame 2 at 
small and large dot separations for SRD and control subjects. Error 
bars indicate 1 SEM. 
RESULTS 
Trial-by-trial data from the 96 test series (24 sub- 
jects x 2 dot separations × 2 runs) were first examined to 
ensure that low persistence stimates obtained in some 
cases did not result from a floor effect in the data, i.e. 
that ISis tested after the fourth reversal in the PEST 
procedure did not aggregate around the zero minimum 
ISI. In no instance was this found to be the case, even 
when, as occurred eight times with the small matrix, 
persistence estimates of less than 10 msec (in one case as 
low as 3.5 msec) were obtained. In addition, we checked 
that persistence stimates were based on a comparable 
number of trials among subjects in the two groups, since 
the fourth reversal in the PEST procedure could be 
reached at any point in the 100 trials. With the large 
matrix, the fourth reversal was reached, on average, at 
the 22nd and 26th trials for the SRD and control groups 
respectively, and with the small matrix at the 29th and 
23rd trials, showing no systematic differences across dot 
separations or groups. 
The distributions of errors among subjects in the two 
groups were compared to determine whether possible 
differences in attention or motivation were likely to have 
influenced the results obtained. In making an error, the 
subject incorrectly specifies an occupied location as the 
location of the missing dot. I f  these errors are made 
randomly, with no attention to the relative visibility of 
dots presented in the first and second frames, then 53% 
of errors will involve the subject nominating one of the 
eight locations filled in the first frame (F1), and 47% one 
of the seven locations filled in the second frame (F2). The 
distribution of errors for each dot separation and group 
is shown in Fig. 1. 
It is clear from Fig. 1 that subjects predominantly 
confused the location of the missing dot with that of 
a dot plotted in Frame 1, whose persistence would 
have terminated well before that of dots plotted in 
Frame 2. For both groups of subjects the percentage 
of F1 errors approached 80%, a figure comparable 
with that produced by adult subjects. A two-factor 
(Group x Separation) analysis of variance revealed a 
main effect for dot separation, reflecting a slightly 
greater proportion of Frame 2 errors with the small 
matrix, but no main effect of group, nor a group by 
dot separation interaction. This finding confirms that 
both groups of subjects, under both conditions, were 
attending appropriately to the experimental task. 
Figure 2 shows the effect on visible persistence 
(estimated as ISI for 50% correct responses) of dot 
separation, for each of the two runs for each group. 
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FIGURE 2. Persistence stimated from matrix integration as a 
function of dot separation for both experimental runs, for SRD and 
control subjects. Error bars indicate 1 SEM. 
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There is clearly no effect of Run, as confirmed in a three 
factor (Group x Separation x Run)analysis of variance: 
neither the main effect (Ft,22 = 0.92) nor any interaction 
involving Run (Group x Run FI.22=0.09; Separ- 
ation x Run F~,22 = 0.22; Group x Separation x Run 
FI,22=0.25) approached significance, indicating that 
measurements on each subject were highly replicable 
from the first half of the experimental session to the 
second. 
The main effect of dot separation was significant 
(FI.22=261.9, P<0.01) ,  replicating the findings of 
Di Lollo and Hogben (1987) with adult subjects. 
The main effect of group, however, was not significant 
(FL22 = 2.83), showing no overall difference in visible 
persistence between SRD and control subjects. Tests of 
simple main effects failed to show any difference between 
groups either at the larger dot separation (FI,22 = 3.49), 
where the absence of a difference is consistent with the 
findings of Arnett and Di Lollo (1979) and Di Lollo et al. 
(1983), or at the smaller dot separation (Fj.22 = 1.14), 
where weaker transient-on-sustained inhibition in SRD 
subjects was predicted to result in longer persistence. 
The expected Group x Separation interaction did attain 
statistical significance (F~,22 = 4.37, P < 0.05), with the 
reduction in dot separation having a seemingly weaker 
effect on the persistence of SRD subjects. This inter- 
action, however, disappears when the measures are log 
scaled to compensate for the significant correlation 
between the magnitude of these estimates and their 
within-observer variance demonstrated elsewhere (Clark 
& Hogben, 1995). The interaction is clearly not robust, 
and in the absence of a simple main effect of group at 
either dot separation, must be regarded as marginal. 
It must also be noted that the trend of the results is the 
opposite of that predicted. At both dot separations, the 
SRD subjects exhibited evidence of less visible persist- 
ence, not more; and the effect of dot separation was less 
pronounced, not more, for the SRD subjects. 
DISCUSSION 
The main result of this study is a convincing 
confirmation of Di Lollo et al.'s (1983) finding that there 
is no difference in performance of a temporal integration 
task between SRD subjects and normal readers. This 
contrasts with consistent findings of differences on other 
tasks interpreted as reflecting the duration of visible 
persistence. As noted above, such differences have been 
found in studies using the phenomenal continuity task 
(Lovegrove et al., 1986; Lovegrove, 1991). They have 
also been found in the gap detection task by Lovegrove 
et al. (1978), O'Neill and Stanley (1976), Di Lollo et al. 
(1983), and in our own laboratory. Since all these studies 
have employed subjects elected on the same criteria as 
in the present study, we are confident hat our finding of 
no difference on the temporal integration task is not a 
result of sampling problems. 
We can also be confident hat the lack of difference is 
not due to difficulties with the task nor to lack of 
motivation or inattention on the part of the subjects. It 
is clear that the task employed in this study yielded 
reliable data. Two features of the data are of particular 
relevance here. First, the fact that the results were 
extremely stable from the first to the second run within 
a session shows that practice effects had been satisfac- 
torily dealt with before the beginning of testing. Second, 
both SRD and control subjects, when they committed 
errors, predominantly indicated dot locations occupied 
in the first frame: the errors, then, conform to the pattern 
established for well motivated and attentive subjects 
in previous research. This is of crucial importance in 
establishing that comparisons between groups are not 
confounded by motivational or attentional factors. 
Our demonstration that control of motivational 
factors reproduces the finding that SRD subjects do not 
differ from control subjects on a temporal integration 
task invites the speculation that perhaps differences on 
other tasks may disappear when such motivational 
factors are controlled. This is certainly a possibility, 
though it is unlikely that it would fully explain all the 
differences that have been found on the other tasks. 
In particular the results from studies by Lovegrove 
(1991) and Lovegrove et al. (1986) using the continuity 
task have shown a differential effect of spatial frequency 
on performance. The relative performance of normal 
readers and SRD children is reversed as one moves from 
low to high spatial frequencies, a result that would be 
difficult to attribute ntirely to motivational differences. 
It should also be noted that the manipulation of 
separation between dots had the predicted outcome. 
The ISI necessary to maintain performance at 50% 
correct responses averaged 59 msec for the large matrix 
and 15 msec for the small matrix, replicating the results 
of Di Lollo and Hogben (1987). This large difference in 
performance may reflect, as hypothesized by these 
authors, suppression of the visible persistence of dots in 
the first frame facilitated by their proximity to dots 
presented in the second frame. The strong replication--- 
in chi ldren--of this established result strengthens the 
present study's finding of similar results for SRD and 
control children: since the task itself was sensitive and 
reliable, we may expect that it would have exposed a 
group difference if it had existed. 
The one point at which the present results diverge 
slightly from those ofDi  Lollo and Hogben (1987) is that 
apparently the effect of dot separation was stronger in 
the present study. Whereas in the earlier study there was 
moderate vidence of inhibitory interaction between dots 
at a separation of 12 min arc for one observer and only 
slight evidence for the other observer, in the present 
study there was a very strong effect at 12 min arc separ- 
ation for all 24 subjects. Several factors differed between 
the studies. For example, the viewing distance was less 
in the present study, with the consequence that the visual 
angle subtended by individual dots was larger, leading to 
a smaller edge-to-edge separation of dots at the same 
centre-to-centre separation. Second, the duration of 
a frame was 20msec in the present study, compared 
to l msec, and this may have had some effect on 
the development of inhibition. Third, there may be a 
TEMPORAL INTEGRATION IN SRD 2073 
developmental trend that accounts for a change in 
parameters between childhood and adulthood. And 
fourth, the present study accommodated the abilities of 
9-yr-old subjects by reducing the task from a 5 x 5 
matrix to a 4 × 4 matrix. The reasons for a stronger 
effect of separation in the present study are thus 
unclear. 
As noted in the Introduction, the fact that visible 
persistence as assessed by the temporal integration task 
does not differ between SRD and control subjects is 
surprising, given that differences are apparent in a gap 
detection task, and- -at  some spatial frequencies--in a 
phenomenal continuity task. Moreover, as discussed 
above, it is difficult to discount all previous findings 
that revealed a difference as resulting from general 
motivational differences rather than a specific visual 
deficit. It is therefore a matter of some interest o know 
why some tasks designed to measure visible persistence 
show a difference while some do not. 
On finding a difference in a gap-detection task and no 
difference on a temporal integration task, Di Lollo et al. 
(1983) conjectured that the discrepancy in results was 
due to the fact that in one case the same retinal areas 
were stimulated twice, whereas in the other case the two 
stimuli were delivered to different retinal areas. They 
reasoned that perhaps the visual systems of SRD 
children were slow in recovering from stimulation, due 
to a deficit in transient responses in the SRD visual 
system, and that is why repeated stimulation to the same 
areas (as in the gap-detection task) required a longer gap 
in order to be detectable by SRD subjects. 
The specific hypothesis of this study was accordingly 
that SRD subjects would show evidence of greater visible 
persistence than normal readers in the condition of small 
dot separation, but not in the condition with large 
separation. The results were totally contrary to this 
hypothesis. With small separation, the groups were 
virtually identical, whereas at large separation there was 
a non-significant trend towards less persistence in the 
SRD group. 
While the spatial separation of successive stimuli does 
not provide a ready account of the failure to establish a
between-group difference in matrix integration, neither 
does either of the other two factors considered in 
the Introduction. The possible problem with subjects' 
compliance with instructions to fixate between two 
target matrices was not a consideration in the present 
study, since only one matrix was presented, at fixation. 
Neither does the result appear to be an artifact of the 
24-frame presentation used in the previous studies 
(Arnett & Di Lollo, 1979; Di Lollo et al., 1983), since 
two frames were used in the present study, just as in the 
gap-detection and phenomenal continuity techniques, 
which do produce between-group differences. 
As these factors do not explain the discrepancy 
between tasks designed to measure visible persistence, 
we must look elsewhere. One possibility would be that 
the present experiment had inadequate power to detect 
a real experimental effect. Let us suppose that the two 
tasks (gap detection and temporal integration) both 
measure visible persistence. We can estimate the effect 
sizes from previous experiments that have found 
differences in gap detection between the two groups of 
subjects. These effect sizes, expressed as Cohen's d 
(Cohen, 1988) are 2.25 (Di Lollo et al., 1983); 2.12 
(Lovegrove t al., 1978); 1.24 (O'Neill & Stanley, 1976); 
and 1.03 (Smith, 1992). Averaging these using the 
procedure suggested by Rosenthal and Rosnow (1991) 
produces a mean d of 1.64. If  a hypothesized difference 
between the SRD and normal reading groups on the 
temporal integration measure of visible persistence were 
of the same magnitude, the present experiment would 
have a power well in excess of 90%, even with a 
non-directional hypothesis at an ~ of 0.05. Thus, it 
would be difficult to argue that the experiment was 
lacking in power. 
Another obvious possibility is that these tasks do 
not measure the same aspect of visible persistence. 
Georgeson and Georgeson (1985), for example, have 
called attention to the subjectivity of the phenomenal 
continuity task, which calls for the subject to make a 
judgement about whether a stimulus has completely 
disappeared before another is presented. They argue that 
the phenomenal continuity task is not suitable for 
providing reliable data. Clark and Hogben (1995) have 
made direct comparisons of measures of visible persist- 
ence obtained using the phenomenal continuity, gap 
detection and matrix integration tasks in a large sample 
of subjects performing over repeated trials. They find 
that the simple correlations between the three measures 
of persistence are approximately zero, but that they are 
closely related when examined in a non-linear fashion, 
gap detection being negatively correlated with the other 
two measures. Finally, we note the recent work of 
Di Lollo, Hogben and Dixon (1994), suggesting that 
temporal integration may not serve as an index of the 
duration of visible persistence at all, but rather depends 
on a neural code based on a temporal correlation 
between the visual responses of stimuli. Thus, there 
have been suggestions that each of the tasks under 
consideration fails to measure the duration of visible 
persistence, and there is clearly a need for clarification of 
this issue. 
In summary, the present study provides robust 
confirmation of the finding that temporal integration 
does not differ between SRD children and normal 
readers. Whereas other studies have found differences in 
visible persistence, as measured by the phenomenal 
continuity and gap detection techniques, we find no such 
difference using temporal integration to estimate the 
duration of visible persistence. The discrepancy is not 
accounted for by spatial separation between frames in 
the matrix integration technique, as previously conjec- 
tured, nor by specific features of previous experiments 
using this technique. Clearly, further progress on this 
issue will depend on studies clarifying just what aspects 
of visual processing are reflected in these psychophysical 
tasks, in order to specify what is the difference between 
the visual systems of normal readers and the specifically 
reading disabled. 
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